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The orthogonal frequency division multiplexing with offset quadrature amplitude 

modulation (OFDM/OQAM) is a multicarrier modulation technique. OFDM/OQAM is a 

high-speed transmission technique that can effectively combat the interference between 

signal waveforms, and it is the core technology of the physical layer of the future genera-

tion network. Aiming at the problem of high Peak-to-Average Power Ratio (PAPR) in 

OFDM/OQAM system, an improved selective mapping algorithm based on quantum lo-

gistic chaotic mapping is proposed. Quantum logistic chaotic mapping is used as a random 

phase sequence vector to solve the fixed point and stability window problems of conven-

tional logistic chaotic mapping. In addition, quantum logistic chaotic mapping provides a 

greater number of signals with random characteristics, and good correlations that are easy 

to generate and reproduce the signal with reduced system sideband power. The simulation 

results confirmed that the proposed scheme effectively minimizes the PAPR of the system, 

develops the number of candidate sequences, and minimizes the amount of redundant in-

formation transmission and sideband power. In comparison with traditional techniques, the 

proposed system is well-suitable for broad application prospects in OFDM/OQAM tech-

nology. 
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1. INTRODUCTION 
 

The orthogonal frequency division multiplexing with offset quadrature amplitude 

modulation (OFDM/OQAM) is a multicarrier modulation technique. OFDM/OQAM is a 

high-speed transmission technique that can effectively combat the interference between 

signal waveforms, and it is the core technology of the physical layer of the future genera-

tion network [1]. However, it has a high peak-to-average power ratio (PAPR) problem, 

which leads to non-linear distortion in the signal transmission and reduces the communi-

cation quality. So far, there are three types of PAPR reduction methods in the 

OFDM/OQAM system: signal predistortion, coding, and scrambling techniques. Where 

the signal predistortion method destroys the phase between subcarriers, and the coding 

method is limited by the number of subcarriers and the modulation method. In addition to 

that, the scrambling technique has become the main method to reduce the PAPR [2]. 
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The attributes of OFDM make it attractive for wireless communication, and it is uti-

lized for transmitting wireless data in Wi-Fi and Wi-MAX standards. OFDM is also em-

ployed in mobile communication and LTE. The primary limitation in the uplink area of 

LTE when utilizing OFDM is the high peak-to-average power ratio (PAPR). Various meth-

ods have been suggested to mitigate the high PAPR of OFDM. These methods are catego-

rized according to the specific needs and availability of the parameters [3]. 

PAPR reduction methods in OFDM systems seek to lessen the peaks in the transmit-

ted signal, therefore improving power efficiency and lowering the power amplifier's risk 

of nonlinear distortions. This is achieved using methods including Tone Reservation and 

Injection, Clipping, Filtering, and Selective Mapping (SLM) [4]. Clipping and Filtering 

reduce signal peaks but may introduce distortions that need filtering. SLM generates mul-

tiple versions of the OFDM signal and selects the one with the lowest PAPR. Tone reser-

vation and injection use specific subcarriers to adjust the signal and reduce peaks [5,6]. 

Efficient power management by reducing peak power to avoid nonlinear distortions and 

improve the efficiency of power amplifiers. Improves signal quality and transmission ef-

ficiency by reducing the PAPR, leading to more reliable and efficient communication [7]. 

The SLM algorithm has a simple structure and significant effect, but it has the disad-

vantages of large sideband information and high computational complexity [8]. Therefore, 

numerous researchers have enhanced the SLM algorithm. A multi-chaos-based time-fre-

quency domain encryption method is presented to reduce the PAPR. The logistic chaotic 

maps were employed to perturb the subcarriers in the time-frequency domain and securely 

transmit 8.9Gbit/s in 100km single-mode fiber’s encrypted OFDM/OQAM signal [9]. 

In [10], the authors presented a hexadecimal amplitude modulation is presented for 

OFDM signals to minimize the PAPR. An alternative method is proposed in [11], to de-

crease the PAPR of OFDM/OQAM systems. In [12], a conversion vector-based low-com-

plexity dispersive selection mapping(C-DSLM) is proposed, in the method, a series of al-

ternative signals are generated from the conversion vectors to minimize the PAPR of the 

system. To address problems such as minimizing the PAPR and large sideband power, an 

improved selective mapping algorithm based on quantum chaotic mapping is proposed in 

this paper. This method combines chaotic sequences with the SLM algorithm to enable the 

chaotic sequences to control the generation of phase rotation factors for the OFDM/OQAM 

system to minimize the excessive PAPR. 

In [13], the authors proposed an improved SLM algorithm, which combined the in-

terleaved discrete cosine transformation (IDCT) with pulse-forming technology to reduce 

the PAPR at the transceiver. In [14], the authors proposed a method of performing cyclic 

shift, addition, subtraction, and sequence combination on the signal to reduce PAPR. In 

[15], the authors proposed µ-law compression scheme based low complexity improved 

SLM algorithm is employed to reduce computational complexity, and PAPR of orthogonal 

frequency division multiple access (OFDMA) systems. A low complexity improved SLM 

algorithm is employed for coherent optical OFDM/OQAM systems to reduce the PAPR 

by removing sideband power [16]. In [17], the authors proposed an enhanced blind differ-

ential SLM algorithm for Alamouti differential space-frequency block coding-orthogonal 

frequency division multiplexing (DSFBCOFDM) system, thereby reducing the PAPR of 

the system. 

In an OFDM/OQAM system, the occurrence time of the signal peak power is uncer-

tain, so the linear dynamic range required by the digital-to-analog converter and power 
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amplifier is large. However, in practical applications, the signal amplitude is much smaller 

than this peak value. If a power amplifier is designed using this peak value as an indicator, 

it will greatly reduce the utilization rate and increase the system's cost. In addition, an 

excessively high PAPR value will cause signal distortion, destroy the orthogonality of sub-

carriers, generate inter-modulation interference and out-of-band radiation, and seriously 

affect the system's performance. To address the above problems, an improved selective 

mapping algorithm based on quantum chaotic mapping is proposed in this paper. This 

method combines chaotic sequences with the SLM algorithm to enable the chaotic se-

quences to control the generation of phase rotation factors for OFDM/OQAM system to 

minimize the excessive PAPR 

The following points outline the paper's major contributions: 

• A novel quantum logistic improved selective mapping (QL-MSLM) algo-

rithm is introduced to significantly reduce the PAPR in OFDM/OQAM sys-

tems in OFDM systems. 

• Quantum logistic chaotic mapping (QLCM) is utilized to generate random 

phase sequence vectors (RPSV), addressing the issues related to fixed points 

and stability windows. 

• The PAPR distribution is analyzed using a complementary cumulative dis-

tribution function (CCDF). 

• The performance of the proposed QL-MSLM is compared to the conven-

tional C-SLM method in terms of PAPR reduction efficiency with RPSVs. 

The remaining paper is structured as: The Conventional SLM (C-SLM) Algorithm, 

QLCM and proposed QL-MSLM Algorithm are discussed in Section 2. Section 3 explains 

the findings and discussions. The work is concluded in Section 4. 

2. MATERIALS AND METHODS 

2.1 C-SLM Algorithm 

The C-SLM algorithm is employed for OFDM/OQAM signals to reduce the PAPR 

without distortion. The specific steps of the C-SLM algorithm are as follows.  

Step 1: Set the input signal of IFFT on X as: 

0 1 1), ,. .,( . NX X X X −=  (1) 

The transmitter generates M different RPSVs with length N and is given by: 

1

( ) ( ) ( ) ( )

0 1( ), ,...,
N

m m m mP P P P
−

=  (2)                

where, m = 1, 2, …, M, 𝑃𝑖
(𝑚)

= 𝑒𝑗𝜑𝑖
(𝑢)

, 𝜑𝑖
(𝑢)

is uniformly distributed in [0, 2π]. 

Step 2: Perform multiplication on M RPSVs on the input signal X to obtain M different 

output sequences of length N, as follows: 
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( ) ( )( )
1

( ) ( ) ( ) ( ) ( )

1 1 1 0 1 1 1 10 1 1, ,...,
N

m m m m m

n n n nN n nX XP x y z P P P xX zX X y
−+ + + + + +−= + + = + +  (3) 

Step 3: Perform IFFT operations on the M different output sequences 𝑥(𝑚) respec-

tively to obtain M output sequences in the time domain, as shown below: 

 (4) 

Step 4: Choose the group with the best PAPR performance among the M output se-

quences. 

As the number of random phase sequences M increases, the number of IFFT transfor-

mations performed by the system also increases, thus, the traditional SLM algorithm be-

comes more complex. When there are 128 subcarriers and the number of RPSVs M=2,4,6,8, 

respectively, the PAPR performance of the C-SLM algorithm is shown in Fig 1. 

 

Fig. 1. PAPR performance curve of C-SLM algorithm under different RPSVs. 

 

It can be seen from Fig. 1 that the PAPR performance of the traditional SLM algo-

rithm is proportional to the number of RPSVs. The larger M is, the better the PAPR per-

formance of the system, but the complexity of the algorithm will also increase.  

2.2 The QLCM 

Xu, B., et al. [18] quantified the conventional logistic chaotic map employing the 

1

( ) ( ) ( ) ( )

0 1( ), ,...,
N

m m m mx x xx
−

=
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reverse rotor model method to generate a QLCM. In this paper, the QLCM is digitized as 

an RPSV which is given in Eq. (5) and it is defined as follows: 

2

2 * * *

1

2 *

1

1 ( )

(2 )

2 2

1

(1 )

n n n

n n n n n n n n n

n n n n n

n

n n

x

x

x x y

y y e e x x y x z z

z z e e x z x y x

 

 







− −

+

− −

+

+

− −

 = + − − −



− 

 = + − −

 = −









−

 (5) 

where α is a tunable parameter, β is a dissipation parameter, 𝑥𝑛 , 𝑦𝑛, 𝑧𝑛 are system state 

parameters, and 𝑥𝑛
∗ , 𝑦𝑛

∗, 𝑧𝑛
∗ , are complex conjugates of 𝑥𝑛, 𝑦𝑛, 𝑧𝑛. Where x∈(0, 1), y∈(0, 

0.2461), z∈(0, 0.2461), α∈(3.74, 4.0), β∈3.5, the system is chaotic. The parameters 

(𝑥𝑛+1, 𝑦𝑛+1, 𝑧𝑛+1) used in Eq. (5) reduces the effect of quantum correlation. 

In comparison to conventional pseudo-random sequences, the quantum chaotic se-

quences can generate a large number of signals that are easy to generate and reproduce, 

have good correlation and randomness, and overcome the defect of a large number of sharp 

pulses in the conventional pseudo-random code cross-correlation function. By introducing 

terminal perturbation, the QLCM solves the issues of fixed point and stability windows of 

conventional logistic chaotic maps and improves the accuracy of floating-point operations. 

The C-SLM algorithm is a distortion-free peak-to-average ratio suppression algo-

rithm. The advantage is that it does not cause signal distortion, but at the receiving end of 

the system, it should know the designated random phase sequence for demodulation [19, 

20]. Therefore, in addition to transmitting data information, a corresponding random phase 

sequence needs to be transmitted, which greatly increases the sideband information trans-

mitted, which limits its practical application. For the C-SLM algorithm, the receiver re-

quires to transmit the designated RPSVs to correctly restore the original signal, and it needs 

to transmit the entire sequence, namely 𝑃(𝑚) = (𝑃0
(𝑚)

, 𝑃1
(𝑚)

, . . . , 𝑃𝑁−1
(𝑚)

) the amount of in-

formation is N.  

To generate a pseudo-random sequence, a QLCM is employed in this paper. The se-

quence is generated iteratively from the primary value. Then it is only required to transmit 

its primary value, which minimizes the computational complexity, transmits sideband in-

formation and reduces the sideband power. 

2.3 Quantum Logistic Improved Selective Mapping Algorithm 

Pointing at the deficiencies of C- SLM algorithms such as large sideband power and 

a small number of candidate sequences, this paper proposes a quantum logistic improved 

selective mapping (QL-MSLM) algorithm, which uses a segmentation method to divide 

the original signal into real-part signals. And imaginary signals, QLCM are used instead 

of conventional pseudo-random sequences such as RPSVs, to perform point multiplication 

operations with real and imaginary signals, respectively, and then IFFT transformation is 

performed. Calculate PAPR and select the smallest PAPR for transmission. The specific 

principle is shown in Fig. 2.  

The input to OFDM/OQAM data block is s(t), which is a serial input and is symbol 

mapped. The s(t) is divided into 2M subchannels by serial-to-parallel converter. Then s(t) 

is decomposed into real and imaginary signals by the segmentation method and is trans-

mitted on M subchannels, respectively. The QLCM is employed to produce M different 
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RPSVs P with length N, and 𝑃(𝑚) = (𝑃0
(𝑚)

, 𝑃1
(𝑚)

, . . . , 𝑃𝑁−1
(𝑚)

)  0 ≤ 𝑚 ≤ 𝑀 − 1.  

 

Fig. 2. Principle of the quantum logistic improved selective mapping algorithm 

Su(t) is the uth data block, which is decomposed as a real part Re{Su(t)} and imaginary 

part Im{Su(t)} and multiplied with the Pm, and then candidate transmission sequences 

𝑅𝑒{𝑑𝑢
𝑚(𝑡)}, 𝐼𝑚{𝑑𝑢

𝑚(𝑡)} are generated using IFFT. 
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   ( ) ( ( ) )m m

u uRe d t IFFT Re s t P=    

     (   ),0 ,0 ,1 ,1 , 1 , 1( ) ( ) , ( ) , ( )m

u u m u m u N m NRe d t IFFT Re s t P Re s t P Re s t P− −=  (6) 

   ( ) ( ( ) )m

u u mIm d t IFFT Re s t P=    

     (   ),0 ,0 ,1 ,1 , 1 , 1( ) ( ) , ( ) , ( )m

u u m u m u N m NIm d t IFFT Im s t P Re s t P Im s t P− −=  (7) 

where ⊗ is a dot multiplication operator between two vectors, m is range from 0 to M-1, 

IFFT is an Inverse Fast Fourier Transform, 𝑅𝑒{𝑑𝑢
𝑚(𝑡)}is a candidate sequence of real 

parts, 𝐼𝑚{𝑑𝑢
𝑚(𝑡)} is a candidate sequence of imaginary parts. 

The candidate sequence, 𝑅𝑒{𝑑𝑢
𝑘(𝑡)}, 𝐼𝑚{𝑑𝑢

𝑘(𝑡)}of the real part and imaginary part 

of the signal are linearly combined to obtain the candidate transmission sequence 𝑑𝑢
(𝑘,𝑞)

(𝑡) 

is as follows: 

   

 ( )  ( )

( , ) ( ) ( ) ( )

( ) ( )

k q k k

u k u k u

k u k k u q

d t Re d t j Im d t

IFFT Re s t P j IFFT Im s t P

 

 

= +

=   

 (8) 

If 𝛼𝑘𝑃𝑘 ± 𝛽𝑘𝑃𝑘  is a phase sequence vector, i.e. |𝛼𝑘| = |𝛽𝑘| =1/√2 and then PAPR 

is equal for positive polarity and negative polarity.  

  )   )((    )(( , ) 1 1
( ) ( ) ( ) ( ) ( )

2 2

k q k q

u u k k u q u k ud t IFFT Re s t P j IFFT Im s t P Re d t j Im d t =    = 
 

 (9) 

The candidate transmission sequence deu(t) extended by Eq.(9) is increased from the 

original M to M2, and the specific identification is as follows: 

 
20 1 ( 1)( ) ( ), ( ),...., ( ),.., ( )n M

eu u u u ud t d t d t d t d t−=  (10) 

For the uth data block candidate transmission sequence, the group with the smallest 

PAPR, is selected as Xu, then: 

( ) 
20 1

( )
m M

n

u uX argmin PAPR d t
  −

=  (10) 

The output sequence is 
1

0

M

uu
X X

−

=
= . 

3. SIMULATION RESULTS AND DISCUSSION 
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A QPSK modulation scheme with a number of subcarriers are 128 is considered for 

matlab simulations of the proposed system 

The CCDF is employed to define the system’s PAPR distribution. The C-DSLM pre-

sented in [10] is used to enhance the PAPR performance of the C-SLM algorithm by ro-

tating the phase factor according to precise selection conditions. Fig. 3 illustrates the per-

formance comparison of the proposed QL-MSLS with the C-SLM and C-DSLM algo-

rithms. In the numerical simulation of this paper, the original signal PAPR is considered 

as a variable with a value of 1×128.  

In the C-SLM scheme, the original signal of 1×128 is used as input data, the M group 

of points is multiplied by the RPSVs, and the IFFT calculation is performed to obtain the 

PAPR value. The variable SLM is the minimum PAPR value in the M group of candidate 

sequences. The C-SLM algorithm employing RPSVs needs the transmission of RPSVs 

information for each subchannel. Therefore, the amount of sideband information to be 

transmitted is very large, which not only minimizes the efficiency and it also increases the 

complexity of the system. 

QL-MSLM algorithm has presented in this paper, the original signal of 1×128 is used 

as input data, the M group is copied, the real part and imaginary part of the data are divided, 

and the quantum logistic mapping generates M groups of rand RPSVs of phase sequence 

vectors. Partial signals are multiplied by RPSVs, respectively, and then after calculating 

IFFT, the real data and imaginary data are linearly combined. The algorithm expands the 

candidate sequence into the M2 group, and the variable LSLM is the minimum PAPR value 

in the M2 group candidate sequence. 

 

Fig. 3. PAPR performance comparison of 3 algorithms. 



QUANTUM LOGISTIC IMPROVED SELECTIVE MAPPING BASED PAPR REDUCTION FOR 

OFDM/OQAMS SYSTEMS 

9 

From Fig. 3, compared with the C-SLM algorithm and C-DSLM algorithm, the QL-

MSLM algorithm proposed in this paper reduces the PAPR of the system more effectively. 

In this paper, the algorithm uses the segmentation method and linear combination trans-

form to expand the number of candidate sequences, reduce the calculation amount of the 

algorithm, and transmit the data more efficiently. For the C-SLM algorithm, to correctly 

restore the original signal at the receiver, the selected RPSV needs to be transmitted, and 

the entire sequence needs to be transmitted, which greatly increases the sideband infor-

mation and increases the sideband power.  

The PAPR performance comparison of C-SLM and QL-MSLM algorithms for N=128 and 

N=256 is illustrated in Fig. 4. As the N value decreased, the PAPR performance of the C-SLM and 

QL-MSLM algorithms also reduced. In addition, sideband power is also reduced as the N value is 

reduced. So, PAPR performance also depends on the N value, and as the value is reduced the PAPR 

will be reduced for both C-SLM and QL-MSLM algorithms.    

 

Fig. 4. PAPR performance comparison of C-SLM and QL-MSLM algorithms for N=128 and 

N=256 

The PAPR performance curve of C-SLM and QL-MSLM algorithms for M=2 and 

M=8 is illustrated in Fig.5. In both algorithms, the PAPR performance is improved as M is 

increased. The QL-MSLM algorithm PAPR performance is improved more as compared 

with the C-SLM algorithm. However, as the number of random phase sequences M in-

creases, the number of IFFT trans-formations performed by the system also increases, 

which interns increase the complexity of the overall system. So, this factor is the major 

restriction of the system's performance. 
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Fig. 5. PAPR performance curve of C-SLM and QL-MSLM algorithms for M=2 and M=8 

The QL-MSLM algorithm proposed in this paper only needs to transmit the initial 

value of the quantum chaotic map to represent a set of RPSVs. The QL-MSLM algorithm 

proposed in this paper only needs to transmit the initial value of the quantum chaotic map 

to represent a set of RPSVs. The sideband power spectrum simulated by Matlab is shown 

in Fig. 6. 

Quantum chaotic sequences do not need to store the value of each sequence point, 

which effectively reduces the transmission of redundant information. The proposed algo-

rithm only needs to transmit an initial value when transmitting sideband information and 

does not need to transmit the phase information of each subchannel. As can be seen from 

Fig. 6, compared with the C-SLM algorithm, the QL-MSLM algorithm greatly reduces the 

amount of sideband information in transmission, reduces the sideband power, and im-

proves the system efficiency.  
This proposed PAPR reduction algorithm can lead to more reliable and efficient com-

munication networks suitable for bandwidth-intensive applications like multimedia, and 

modern communication systems, including the Internet of Things. 
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Fig. 6. Sideband Power Spectrum. 

4. CONCLUSIONS 

In view of C-SLM algorithm shortcomings, such as high sideband power and a low 

number of candidate sequences. In this paper, the proposed QLM-SLM algorithm im-

proves the performance of the OFDM/OQAM system. The use of QLM solves the problem 

of fixed points and stable windows of conventional logistic chaotic maps and provides a 

large number of good correlation and random characteristics that are easy to generate and 

reproduce the signal with reduced system sideband power. Matlab simulations show that 

the proposed algorithm in this paper effectively reduces the PAPR computational com-

plexity, can more efficiently carry out data transmission, and effectively reduces the trans-

mission of redundant information. It reduces the amount of sideband information, and side-

band power, and improves the system transmission. 
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